
WHARF MINE

LEAD, SOUTH DAKOTA

SINGLE CELL SELENIUM LEACHING MODEL

Area - Portland Pit Overlap

INPUT BLOCK

INFILTRATION Total Drainage Area: 20.5 ac

Unreclaimed Infiltration Rate: 9 in/yr

Reclaimed Infiltration Rate: 4.5 in/yr

LEACHABLE SELENIUM Average Se Concentration: 0.159 mg/kg

Leachable Se: 0.070 %

Leachable Se Concentration: 0.01113 mg/kg

TIME Start Time yrs 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Time Step yrs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

End Time yrs 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Calendar Year year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

TIME DEPENDENT DATA Infiltration  Rate in/yr 9 9 9 9 4.5 4.5 9 9 4.5 4.5 4.5 9 9 9

Barren Rock Backfill Added tons 253,482 2,234,415 915,077 -1,022,915 0 0 0 0 0 0 0

Spent Ore Backfill Added tons 0 0 0 0 0 0 0 0 0 0 0 810,594 810,594 810,594

Cumulative Backfill tons 253,482 2,487,897 3,402,974 3,402,974 3,402,974 3,402,974 2,380,058 2,380,058 2,380,058 2,380,058 2,380,058 3,190,652 4,001,246 4,811,840

CALCULATION BLOCK

DATA BLOCK FORMULA UNITS 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

INFILTRATION Inflow from Infiltration A drainage area x infiltration rate ft
3

671,176 671,176 671,176 671,176 335,588 335,588 671,176 671,176 335,588 335,588 335,588 671,176 671,176 671,176

WATER:ROCK RATIO Backfill B tons 253,482 2,487,897 3,402,974 3,402,974 3,402,974 3,402,974 2,380,058 2,380,058 2,380,058 2,380,058 2,380,058 3,190,652 4,001,246 4,811,840

Water C A x conversion factor L 19,005,581 19,005,581 19,005,581 19,005,581 9,502,790 9,502,790 19,005,581 19,005,581 9,502,790 9,502,790 9,502,790 19,005,581 19,005,581 19,005,581

Rock D B x conversion factor kg 229,954,993 2,256,981,812 3,087,125,684 3,087,125,684 3,087,125,684 3,087,125,684 2,159,152,661 2,159,152,661 2,159,152,661 2,159,152,661 2,159,152,661 2,894,511,168 3,629,869,675 4,365,228,182

Annual Water:Rock Ratio E C / D L/kg 0.082649 0.008421 0.006156 0.006156 0.003078 0.003078 0.008802 0.008802 0.004401 0.004401 0.004401 0.006566 0.005236 0.004354

Cumulative Water:Rock Ratio F E + previous year F L/kg 0.082649 0.091070 0.097226 0.103383 0.106461 0.109539 0.118341 0.127144 0.131545 0.135946 0.140347 0.146913 0.152149 0.156503

LEACHED CHEMICALS Cumulative Leached Chemical G 1.45 x F
0.222

% 0.8339244 0.8520813 0.8645454 0.8764098 0.8821369 0.8877366 0.9031007 0.9175998 0.9245582 0.9313377 0.9379487 0.9475178 0.9549127 0.9609126

Cumulative Leached Chemical H G x leachable chemical concentration mg/kg 9.28158E-03 9.48366E-03 9.62239E-03 9.75444E-03 9.81818E-03 9.88051E-03 1.00515E-02 1.02129E-02 1.02903E-02 1.03658E-02 1.04394E-02 1.05459E-02 1.06282E-02 1.06950E-02

Annual Leached Chemical I H - previous year H mg/kg 9.28158E-03 2.02086E-04 1.38726E-04 1.32051E-04 6.37430E-05 6.23249E-05 1.71002E-04 1.61375E-04 7.74471E-05 7.54566E-05 7.35794E-05 1.06505E-04 8.23052E-05 6.67784E-05

Annual Leached Chemical J I x D mg 2,134,345 456,105 428,263 407,658 196,783 192,405 369,219 348,433 167,220 162,922 158,869 308,279 298,757 291,503

OUTFLOW Water Out K C L 19,005,581 19,005,581 19,005,581 19,005,581 9,502,790 9,502,790 19,005,581 19,005,581 9,502,790 9,502,790 9,502,790 19,005,581 19,005,581 19,005,581

Water Outflow Rate L K x conversion factor gpm 9.55 9.55 9.55 9.55 4.78 4.78 9.55 9.55 4.78 4.78 4.78 9.55 9.55 9.55

Average Chemical Concentration M J / K mg/L 0.112300977 0.023998462 0.022533544 0.021449386 0.020707889 0.020247177 0.019426852 0.0183332 0.017596946 0.017144693 0.016718156 0.016220443 0.015719437 0.015337756

VARIABLE



14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

9 9 9 9 9 9 9 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

810,594 810,594 810,594 810,594 810,594 810,594 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5,622,434 6,433,028 7,243,622 8,054,216 8,864,810 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

671,176 671,176 671,176 671,176 671,176 671,176 671,176 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588

5,622,434 6,433,028 7,243,622 8,054,216 8,864,810 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404

19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790

5,100,586,689 5,835,945,196 6,571,303,704 7,306,662,211 8,042,020,718 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225

0.003726 0.003257 0.002892 0.002601 0.002363 0.002165 0.002165 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083

0.160229 0.163486 0.166378 0.168979 0.171343 0.173508 0.175673 0.176756 0.177838 0.178921 0.180004 0.181086 0.182169 0.183252 0.184334 0.185417 0.186500 0.187582 0.188665 0.189748 0.190830 0.191913 0.192995

0.9659451 0.9702695 0.9740542 0.9774145 0.9804328 0.9831700 0.9858807 0.9872263 0.9885655 0.9898984 0.9912250 0.9925454 0.9938597 0.9951680 0.9964702 0.9977665 0.9990570 1.0003416 1.0016204 1.0028936 1.0041611 1.0054231 1.0066795

1.07510E-02 1.07991E-02 1.08412E-02 1.08786E-02 1.09122E-02 1.09427E-02 1.09729E-02 1.09878E-02 1.10027E-02 1.10176E-02 1.10323E-02 1.10470E-02 1.10617E-02 1.10762E-02 1.10907E-02 1.11051E-02 1.11195E-02 1.11338E-02 1.11480E-02 1.11622E-02 1.11763E-02 1.11904E-02 1.12043E-02

5.60126E-05 4.81307E-05 4.21233E-05 3.74001E-05 3.35939E-05 3.04644E-05 3.01701E-05 1.49767E-05 1.49055E-05 1.48350E-05 1.47654E-05 1.46964E-05 1.46282E-05 1.45607E-05 1.44940E-05 1.44279E-05 1.43625E-05 1.42978E-05 1.42337E-05 1.41703E-05 1.41075E-05 1.40454E-05 1.39839E-05

285,697 280,888 276,805 273,270 270,162 267,398 264,814 131,456 130,831 130,213 129,601 128,996 128,397 127,805 127,219 126,639 126,065 125,497 124,935 124,378 123,827 123,282 122,742

19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 19,005,581 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790

9.55 9.55 9.55 9.55 9.55 9.55 9.55 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78

0.015032263 0.014779254 0.014564392 0.014378387 0.014214901 0.014069431 0.013933486 0.013833389 0.013767624 0.01370257 0.013638214 0.013574545 0.013511551 0.013449221 0.013387544 0.01332651 0.013266108 0.013206329 0.013147161 0.013088595 0.013030623 0.012973234 0.012916419



37.00 38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588 335,588

9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404 9,675,404

9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790

8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225 8,777,379,225

0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083 0.001083

0.194078 0.195161 0.196243 0.197326 0.198409 0.199491 0.200574 0.201657 0.202739 0.203822 0.204905 0.205987 0.207070 0.208152 0.209235 0.210318 0.211400 0.212483 0.213566 0.214648 0.215731 0.216814 0.217896

1.0079304 1.0091759 1.0104161 1.0116510 1.0128806 1.0141049 1.0153242 1.0165383 1.0177473 1.0189514 1.0201504 1.0213446 1.0225339 1.0237183 1.0248980 1.0260729 1.0272432 1.0284088 1.0295697 1.0307261 1.0318780 1.0330254 1.0341683

1.12183E-02 1.12321E-02 1.12459E-02 1.12597E-02 1.12734E-02 1.12870E-02 1.13006E-02 1.13141E-02 1.13275E-02 1.13409E-02 1.13543E-02 1.13676E-02 1.13808E-02 1.13940E-02 1.14071E-02 1.14202E-02 1.14332E-02 1.14462E-02 1.14591E-02 1.14720E-02 1.14848E-02 1.14976E-02 1.15103E-02

1.39230E-05 1.38627E-05 1.38030E-05 1.37439E-05 1.36853E-05 1.36274E-05 1.35700E-05 1.35131E-05 1.34568E-05 1.34010E-05 1.33457E-05 1.32910E-05 1.32367E-05 1.31830E-05 1.31297E-05 1.30770E-05 1.30247E-05 1.29729E-05 1.29216E-05 1.28708E-05 1.28203E-05 1.27704E-05 1.27209E-05

122,207 121,678 121,154 120,635 120,121 119,613 119,109 118,610 118,115 117,625 117,140 116,660 116,184 115,712 115,245 114,782 114,323 113,868 113,418 112,971 112,529 112,091 111,656

9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790 9,502,790

4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78 4.78

0.01286017 0.012804477 0.012749333 0.012694728 0.012640655 0.012587105 0.012534072 0.012481545 0.01242952 0.012377987 0.01232694 0.012276371 0.012226275 0.012176642 0.012127468 0.012078746 0.012030468 0.011982629 0.011935223 0.011888243 0.011841684 0.011795539 0.011749803


